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ABSTRACT


	The  thesis entitled “Approaches Towards Synthesis of Enantiomerically Pure Ethyl (R)-2-Hydroxy-4-Phenyl Butyrate (HPB) Ester and (R)-3-Amino-3-Phenyl-1-Propanol Through Biocatalysis" has been divided into four chapters .

Chapter I deals with  a brief introduction to biocatalysis . 

Chapter II deals  with lipase mediated synthesis of enantiomerically pure (R)-and(S)-enantiomers of 2-acetoxy-4-phenyl-(E)-but-3-enenitrile. It has been divided into four sections. 

Section I describes the determination of  enantiomeric excess of 2-acetoxy-4-phenyl-(E)-but-3-enenitrile  and 2-hydroxy-4-phenyl-(E)-but -3-enenitrile by chiral HPLC.
 
Section II deals  with preparation and lipase mediated resolution of the racemic mixture via enantioselective alcoholysis on a laboratory scale. 

Section III describes a novel porous vessel bioreactor for the synthesis of (R)-2-acetoxy-4-phenyl-(E)-but-3-enenitrile with lipase immobilized in gelatin matrix (gelozymes) on a large scale (100 g). 

Section IV deals with the conversion of nitrile to (E)-2-hydroxy-4-phenylbut-3-enoic acid ethyl ester and its enzymatic resolution  with Candida rugosa lipase (CRL) and Pseudomonas cepacia lipase (PSL).
 
Chapter III has been divided into two sections. 
Section I describes a survey of recent literature in the application of baker’s yeast in organic synthesis. 
Section II deals with the enantio- and the regiospecific reduction of ethyl 4-phenyl-2,4-dioxobutyrate with baker’s yeast leading to the synthesis of ethyl (R)-2-hydroxy-4-phenyl butyrate (HPB) ester. 

Chapter IV is divided into three sections.
Section I deals with the known methods for the synthesis of chiral 1,3 amino alcohols. 

Section II deals with the biotechnological applications of penicillin G acylase in organic synthesis.

Section III deals with the synthesis of  3-amino-3-phenyl-1-propanol from 3-oxo-3- phenyl-1-propanol and its resolution with penicillin G acylase.

Chapter I    : Biotransformations In Organic Synthesis  An Overview.
	Enzyme biocatalysts are finding increasing applications because of the growing demand for biotransformations with a high chemo- and stereospecificity in the fine chemicals industry such as pharmaceuticals, agrochemicals, and health care products. Incorporation of biotransformation steps, using microorganisms or isolated enzymes, is increasingly being exploited both in industry and academic synthesis laboratories. The primary consideration for incorporation of a biotransformation in a synthetic sequence is the regio- and stereo-control that can be achieved using an enzyme-catalyzed reaction. Present chapter describes a few aspects in the area of enzyme-catalyzed organic synthesis.   







Chapter II   : Approaches Towards Synthesis Of Enantiomerically Pure Ethyl (R)-2-Hydroxy-4-Phenyl Butyrate (HPB) Ester

Section I   : Determination of Enantiomeric Excess of 2-Acetoxy-4-Phenyl-(E)-But -3-Enenitrile by  Chiral HPLC and 2-Hydroxy-4-Phenyl-(E)-But-3-Enenitrile.
	2-Acetoxy-4-phenyl-(E)-but-3-enenitrile 1 is an important intermediate in the synthesis of ethyl (R)-2-hydroxy-4-phenyl butyrate (HPB) ester. Determination of its enantiomeric purity is based on chiral HPLC analysis on a chiral stationary phase. The reaction mixture on enzymatic reaction of racemic ester 1 consists of the (R)- and (S)-acetates 2 & 3, and the (R)- and (S)-cyanohydrins 4 & 5 accompanied by the formation of cinnamaldehyde 6 as the byproduct (Fig-1).	

Fig-1: Components of reaction mixture

The reaction mixture after proper dilution can be directly injected on the column for the analysis where the peaks for the (R)- and the (S)- cyanohydrins are well resolved. 

The optimized conditions for chiral HPLC analysis are as follows: column Chiralcel OD, 5x250 mm (Daicel Chemical Industries, Japan);  mobile phase 10% isopropanol in hexane;  flow rate of 0.7 ml/min.  and  detection wavelength  255 nm. Under these conditions retention times are:  aldehyde 6, 11.05;  (S)-ester 3, 14.56; (R)-ester 2, 15.63; R-cyanohydrin 4,  24.72; (S)-cyanohydrin 5, 27.50 min.

Section  II  :  Lipase Mediated Synthesis of Both (R)- and (S)-Enantiomers of 2-Acetoxy-4-Phenyl-(E)-But -3-Enenitrile
	Present chapter describes the preparation of racemic title compounds prepared from cinnamaldehyde, acetic anhydride and sodium cyanide under phase transfer catalysis and its resolution via lipase catalyzed alcoholysis. The methodology is summarized in Fig-2.



Figure-2: Preparation of (R)- and (S)-enantiomers of 2-acetoxy-4-phenyl-(E)-but-3-enenitrile by lipase catalyzed alcoholysis. 

Lipase from Pseudomonas sp. shows selectivity towards (S)-cyanohydrin acetate while the lipase from Candida rugosa  shows selectivity towards the (R)-acetate. Among all the lipases, Amano Ps lipase showed highest reactivity towards 1. The enzymes were immobilized in gelatin matrix by sol-gel technique (gelozymes). 

Section III : A Novel Porous Vessel Bioreactor for Reactions With Gelozymes
	In this section we describe a scale up (100 g scale) of the enantiomerically pure cyanohydrin ester by enantioselective alcoholysis of the racemic ester using an immobilized lipase (Gelozyme) using a novel porous bioreactor. Conventional bioreactors  such as the continuous stirred tank reactors (CSTR) and packed  bed reactors were tried for the scale up but  during our studies with the lipases immobilized in gelatin matrix (gelozyme) we encountered several problems. In the present section we describe the design of a novel porous vessel bioreactor (Fig-3) for the reactions with immobilized enzymes. The porous vessel bioreactor described in the present invention eliminates  the step of filtration and overcomes the problem of enzyme loss through attrition and handling and the  biocatalyst can be used in any of the immobilized forms such as beads, flakes, pellets, granules, and extrudes; and recycled several times, thus making the process economical. 


Figure-3: A Novel Porous Vessel Bioreactor for Reactions with Immobilized Biocatalysts

Section IV : Enzymatic Resolution Of (E)-2-Hydroxy-4-Phenylbut-3-Enoic Acid Ethyl Ester 
	The synthesis of enantiomerically pure multifunctional intermediates such as (E)-2-hydroxy-4-phenylbut-3-enoic acid  is of considerable interest since these can be used as versatile intermediates for several reactions such as asymmetric epoxidation, dihydroxylation, and halogen addition. The (R)-enantiomer 9a can also be easily converted to ethyl (R)-2-hydroxy-4-phenylbutyrate (HPB ester) 8 which has gained significant importance as a raw material for production of a variety of Angiotensin converting enzyme (ACE) inhibitors such as Enalapril, Lisinopril and Benazepril.
	A direct conversion of cyanohyrin acetate 2 to 7 with ethanolic  HCl, gave the required ester in 60% yield, but the reaction was accompanied by partial racemization and it was necessary to remove the unwanted (S)-enantiomer. It is known that the stereochemical preference for the esterification at the hydroxyl function of the hydroxy acid/ester for Pseudomonas lipase is (S). Thus it was expected that the hydrolysis of the racemic hydroxy acid by the same lipase would produce the (S)-acid leaving the (R)-enantiomer unreacted. However, we found that the stereochemical preference is reversed during hydrolysis at the carboxylic acid ester function and the acid produced is (R). Similarly, Candida rugosa lipase hydrolyzes the (S)-ester preferentially and produces the (S)-acid (Fig-4). 

Figure.-4 : Resolution of racemic (E)-2-hydroxy-4-phenylbut-3-enoic acid ethyl ester with lipases

Although it was possible to prepare 9a and 9b in enantiomerically pure forms through lipase mediated enantioselective hydrolysis, the reaction with Pseudomonas cepacia lipase (Amano Ps) was severely inhibited by the product while the enantioselectivity E for CRL catalyzed reaction was only 2.5 and hence synthetically uninteresting. A new route to HPB ester was hence developed.

Chapter 3 : Baker’s Yeast Mediated Ketone Reduction
Section  I : Importance of Baker’s Yeast (Saccharyomyces cerevisiae) in ketone Reduction Gives an introduction to the application of baker’s yeast in ketone reduction.   

Section II : Enantio- and Regiospecific Reduction of Ethyl 4-Phenyl-2,4-Dioxobutyrate with Baker’s Yeast: Preparation of Ethyl    (R)-2-Hydroxy-4-Phenylbutyrate (HPB Ester)
	The synthesis of enantiomerically pure (-)-ethyl (R)-2-hydroxy-4-phenylbutyrate (HPB ester) 8 is of great interest since it is a versatile key intermediate for the synthesis of a variety of angiotensin converting enzyme (ACE) inhibitors such as Cilazapril., Benazepril, Enalapril etc.  and several strategies have been devised for its synthesis. In this section we describe enantioselective reduction of the2,4-dioxo ester 12b prepared by Claisen condensation of acetophenone with diethyl oxalate in presence of sodium ethoxide, by baker’s yeast (Saccharyomyces cerevisiae), to give (-)-ethyl (R)-2-hydroxy-4-oxo-4-phenylbutyrate 13b  (e.e. 98%) in 80 % isolated yield which is then hydrogenated over Pd-C to obtain (-)-ethyl (R)-2-hydroxy-4-phenylbutyrate 8 without loss of enantiomeric purity in quantitative yield (Fig-5). Another interesting product, the β-keto alcohol 15, was formed in 90% yield when the yeast reaction was allowed to continue for a longer time. The β-keto alcohol 15 is an important intermediate for synthesis of 1-phenyl-1,3-propanediol, an important intermediate to drugs such as Fluoxetine.
               

Fig.5: Preparation of HPB-ester via baker’s yeast reduction in key step

Chapter 4: Preparation of  3-Amino-3-Phenyl-1-Propanol from 3-Oxo-3-Phenyl-1-Propanol  and its Resolution with Immobilized Penicillin G Acylase

Section 1: Gives  a brief introduction on  the known methods to the synthesis of chiral (R)-3-amino-3-phenyl-1-propanol 


Section II: Biotechnological Applications of  Penicillin Acylases
This section gives a brief survey of usefulness of Penicillin acylase in organic synthesis

Section III : Chemo-Enzymatic Synthesis of Enantiomerically Pure 3-Amino-3-Phenyl-1-Propanol
	A number of approaches to enantiomerically pure 1,3-amino alcohols have been reported. However, these approaches require costly reagents, drastic conditions, laborious work-ups and purification. Since chirality can be introduced via an enzyme catalyzed reaction, it was considered prudent to develop a methodology based on enzyme assisted synthesis. A careful survey of literature showed that no such methodology exists for the synthesis of (R)- or (S)-3-amino-3-phenyl-1-propanol 16.
In the present section we describe an alternate, efficient and convenient  chemo-enzymatic synthesis of both (R)- and (S)-3-amino-3-phenyl-1-propanol 16 using immobilized penicillin G acylase (Fig.-6).


Fig.-6: Preparation of enantiomerically pure 3-amino-3-phenyl-1-propanol
	Reductive amination of 15 with sodium cyanoborohydride in presence of ammonium acetate gave the racemic amino alcohol 16 in  65% yield. The amino group was protected with phenylacetyl chloride under Schotten-Baumann conditions to get racemic N-phenylacetyl derivative 17 in 95% yield and  resolved with penicillin G acylase (immobilized on epoxy resin Eupergit C) to obtain the (S)-amide 17a and (R)-amino alcohol 16a  in high enantiomeric purity (e.e.>99%) and quantitative yields. The reaction was found to be completely enantioselective and only the (R)-enantiomer is hydrolyzed by the enzyme.
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